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(57) ABSTRACT

A multi-output switching power supply of the present inven-
tion includes: a series resonant circuit which is connected in
parallel with a first switching element or a second switching
element, and includes a current resonance capacitor, a reso-
nant reactor and a primary winding of a transformer, which
are connected in series; a first rectifying and smoothing cir-
cuit which rectifies and smoothes a voltage generated in a first
secondary winding of the transformer, and outputs a first
output; a second rectitying and smoothing circuit which has a
first diode for rectifying a voltage generated in a second
secondary winding of the transformer, a reactor having
energy stored therein by the voltage rectified by the first diode
and a second diode for regenerating the energy into an output,
and which rectifies a current flowing through the reactor and
outputs a second output; and a control circuit which alter-
nately turns on and off the first and second switching elements
based on the first output.

6 Claims, 12 Drawing Sheets
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MULTI-OUTPUT SWITCHING POWER
SUPPLY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a multi-output switching
power supply having a plurality of outputs.

2. Description of the Related Art

FIG. 1 is a circuit diagram showing a configuration of a
conventional resonance-type multi-output switching power
supply. In this multi-output switching power supply, a pri-
mary side of a transformer T1 is provided with: a full-wave
rectifying circuit 2 which rectifies an AC voltage from a
commercial power source 1; a smoothing capacitor C3 which
is connected between output terminals of the full-wave rec-
tifying circuit 2, and smoothes an output of the full-wave
rectifying circuit 2; a first switching element Q1 and a second
switching element Q2 which are made of, for example, MOS-
FETs and are connected in series between both ends of the
smoothing capacitor C3, and to which a voltage between the
both ends of the smoothing capacitor C3 is applied as a DC
input voltage Vin; a control circuit 10 which controls the
turning on and off of the first and second switching elements
Q1 and Q2; a voltage resonance capacitor Crv which is con-
nected in parallel with the second switching element Q2; and
a series resonant circuit which is connected to both ends of the
voltage resonance capacitor Crv.

The series resonant circuit is formed by connecting a pri-
mary winding P1 (a winding number N1) of the transformer
T1, a reactor Lr, and a current resonance capacitor Cri in
series. Note that the reactor Lr is formed of, for example, a
leakage inductance between primary and secondary sides of
the transformer T1.

Moreover, the secondary side of the transformer T1 is
provided with: a first rectifying and smoothing circuit con-
nected to afirst secondary winding S1 (a winding number N2)
which is wound so as to generate a voltage having a phase
opposite to that of a voltage of the primary winding P1 of the
transformer T1; and a second rectifying and smoothing cir-
cuit connected to a second secondary winding S2 (a winding
number N3) which is wound so as to generate a voltage
having a phase opposite to that of the voltage of the primary
winding P1 of the transformer T1.

The first rectifying and smoothing circuit includes a diode
D1 and a smoothing capacitor C1. The first rectifying and
smoothing circuit rectifies and smoothes the voltage induced
by the first secondary winding S1 of the transformer T1, and
outputs the rectified and smoothed voltage, as a first output
voltage Vo1, from a first output terminal. The second rectify-
ing and smoothing circuit includes a diode D2 and a smooth-
ing capacitor C2. The second rectifying and smoothing circuit
rectifies and smoothes the voltage induced by the second
secondary winding S2 of the transformer T1, and outputs the
rectified and smoothed voltage, as a second output voltage
Vo2, from a second output terminal.

Moreover, the multi-output switching power supply
described above includes a feedback circuit 5 for feeding
back a signal corresponding to the voltage generated in the
secondary side of the transformer T1 to the primary side. An
input side of the feedback circuit 5 is connected to the first
output terminal. This feedback circuit 5§ compares a voltage
between both ends of the smoothing capacitor C1 with a
predetermined reference voltage, and feeds back an error
voltage, as a voltage error signal, to the control circuit 10 on
the primary side.
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The control circuit 10 performs a PWM control so as to set
the first output voltage Vol constant by alternately turning on
and off the first and second switching elements Q1 and Q2
based on the voltage error signal fed back from the feedback
circuit 5. In this case, as a control signal, such a voltage as to
allow a dead time of about several hundred nS is applied to
each of gates of the first and second switching elements Q1
and Q2. Thus, the first and second switching elements Q1 and
Q2 are alternately turned on and off without allowing the
respective on periods thereof to overlap with each other.

Next, with reference to a waveform diagram shown in FIG.
2, operations of the conventional multi-output switching
power supply thus configured will be described.

InFIG. 2,V , 4 is a voltage between a drain and a source
of the second switching element Q2. 1,, is a current flowing
through a drain of the first switching element Q1. I, is a
current flowing through the drain of the second switching
element Q2. I_,, is a current flowing through the current reso-
nance capacitor Cri. V_,, is a voltage between both ends of the
current resonance capacitor Cri. I, is a current flowing
through the diode D1, and I, is a current flowing through the
diode D2.

The control circuit 10 controls the first output voltage Vol
by receiving the voltage error signal fed back to the primary
side through the feedback circuit 5 from the first rectifying
and smoothing circuit, and by thus performing the PWM
control of the first switching element Q1. In this case, the first
and second switching elements Q1 and Q2 are alternately
turned on and off with the dead time of about several hundred
nS according to the control signal from the control circuit 10,
as described above.

First, in the on period (for example, time t1 to t2) of the first
switching element Q1, energy is stored in the current reso-
nance capacitor Cri through an exciting inductance of the
primary winding P1 of the transformer T1 and the reactor Lr
(the leakage inductance between the primary and secondary
sides of the transformer T1).

Next, in the on period (for example, time t2 to t4) of the
second switching element Q2, the energy stored in the current
resonance capacitor Cri allows the reactor Lr and the current
resonance capacitor Cri to generate a resonance current, and
the energy is transmitted to the secondary side. Moreover,
exciting energy of the exciting inductance of the primary
winding P1 is reset.

To be more specific, in the on period of the second switch-
ing element Q2, a voltage obtained by dividing the voltage
V_,, between the both ends of the current resonance capacitor
Cri by the exciting inductance of the primary winding P1 and
the reactor Lr is applied to the primary winding P1. Then,
when the voltage applied to the primary winding P1 reaches
(Vol+VH)xN1/N2, clamping is performed. Accordingly, the
resonance current generated by the current resonance capaci-
tor Cri and the reactor Lr flows, and the energy is transmitted
to the secondary side. Thus, the current ID1 flows through the
diode D1. When the voltage applied to the primary winding
P1 is less than (Vo1+V{)xN1/N2, no energy is transmitted to
the secondary side of the transformer T1. Moreover, a reso-
nance operation is performed only on the primary side by the
exciting inductance of the primary winding P1 of the trans-
former T1, the reactor Lr and the current resonance capacitor
Cri.

When an on-duty of the first switching element Q1 is Don,
the voltage of the current resonance capacitor Cri is subjected
to a resonance operation around about VinxDon. Thus, the
output voltage Vol is set to about VinxDonx(Lp/Lri)x(Ns/
Np). With respect to a change in a load, only amplitude of the
voltage of the current resonance capacitor Cri is changed, and
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the duty is hardly changed. The duty is changed only with
respect to a change in an input voltage.

Moreover, the first and second secondary windings S1 and
S2 are connected to each other with the same polarity. Thus,
in the on period of the second switching element Q2, while
energy obtained from the first secondary winding S1 is out-
putted as the first output voltage Vol, energy obtained from
the second secondary winding S2 is also outputted as the
second output voltage Vo2. The second output voltage Vo2 is
set approximately to Vo1xN3/N2.

As described above, the second output voltage Vo2 is set to
avoltage obtained by multiplying the first output voltage by a
ratio of the winding number of the first secondary winding S1
to the winding number of the second secondary winding S2.
Thus, if the first secondary winding S1 has a reduced number
of turns, it becomes more difficult to obtain a required volt-
age.

FIG. 3 is a circuit diagram showing a configuration of
another conventional multi-output switching power supply.
This multi-output switching power supply is provided with a
regulator 12 such as a dropper and a step-down chopper, in
place of the second rectifying and smoothing circuit shown in
FIG. 1. This regulator 12 is used to generate a second output
voltage Vo2 from the first output voltage Vol for the purpose
of'stabilizing outputs. The multi-output switching power sup-
ply described above can solve a problem of cross regulation of
two outputs. However, losses caused by the regulator 12 are
increased, and costs and a mounting area are increased by
adding components such as a switching element, choke coil
and a control IC. Furthermore, occurrence of noise due to a
switching regulator, such as the step-down chopper, is
unavoidable.

Moreover, as a multi-output switching power supply, Japa-
nese Patent Laid-Open Official Gazette No. 2003-259644
discloses a switching converter circuit which stabilizes two
kinds of voltages by use of a single converter. This switching
converter circuit includes an active snubber formed of a sec-
ond switching element, stabilizes a first output by controlling
the turning on and off of a first switching element, and stabi-
lizes a second output by controlling the turning on and off of
the second switching element while the first switching ele-
ment is off. The switching converter circuit described above
can stabilize the two kinds of outputs by use of the single
converter. However, a secondary winding for obtaining the
first output and a secondary winding for obtaining the second
output are required to have polarities opposite to each other.
Thus, two secondary windings are required.

As described above, the second output voltage Vo2 is deter-
mined by the ratio of the winding number of the first second-
ary winding S1 to the winding number of the second second-
ary winding S2. Thus, a required voltage may not be obtained.
In the configuration including the regulator on the secondary
side for solving the above problem, losses caused by the
regulator are increased, and costs and the mounting area are
increased by adding components. Furthermore, there is a
problem that noise is caused by the regulator. Moreover, in the
switching converter circuit disclosed in Japanese Patent Laid-
Open Official Gazette No. 2003-259644, a plurality of sec-
ondary windings of a transformer are required. Thus, there is
a problem that the configuration becomes complicated.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a multi-
output switching power supply which can stabilize a plurality
of outputs even if there is a load change.

20

25

30

40

50

55

60

65

4

A first aspect of the invention is a multi-output switching
power supply which includes: a first switching element and a
second switching element which are connected in series
between output terminals of a DC power supply; a series
resonant circuit which is connected in parallel with one of the
first and second switching elements, and includes a current
resonance capacitor, a resonant reactor and a primary wind-
ing of a transformer, which are connected in series; a first
rectifying and smoothing circuit which rectifies and smoothes
a voltage generated in a first secondary winding of the trans-
former, and outputs a first output; a second rectifying and
smoothing circuit which has a first diode for rectifying a
voltage generated in a second secondary winding of the trans-
former, a reactor having energy stored therein by the voltage
rectified by the first diode in the second secondary winding
and a second diode for regenerating the energy stored in the
reactor into an output, and which rectifies a current flowing
through the reactor and outputs a second output; and a control
circuit which alternately turns on and off the first and second
switching elements based on the first output obtained by the
first rectifying and smoothing circuit.

A second aspect of the invention is a multi-output switch-
ing power supply which includes: a first switching element
and a second switching element which are connected in series
between output terminals of a DC power supply; a series
resonant circuit which is connected in parallel with one of the
first and second switching elements, and includes a current
resonance capacitor, a resonant reactor and a primary wind-
ing of a transformer, which are connected in series; a first
rectifying and smoothing circuit which rectifies and smoothes
a voltage generated in a secondary winding of the trans-
former, and outputs a first output; a second rectifying and
smoothing circuit which has a first diode for rectifying the
voltage generated in the secondary winding of the trans-
former, a reactor having energy stored therein by the voltage
rectified by the first diode in the secondary winding and a
second diode for regenerating the energy stored in the reactor
into an output, and which rectifies a current flowing through
the reactor and outputs a second output; and a control circuit
which alternately turns on and oft the first and second switch-
ing elements based on the first output obtained by the first
rectifying and smoothing circuit.

A third aspect of the invention is the multi-output switch-
ing power supply according to the first aspect of the invention,
in which the voltage in the second secondary winding is
applied to the reactor in an on period of the first switching
element.

A fourth aspect of the invention is the multi-output switch-
ing power supply according to the first aspect of the invention,
in which the voltage in the second secondary winding is
applied to the reactor in an on period of the second switching
element.

A fifth aspect of the invention is the multi-output switching
power supply according to the second aspect of the invention,
in which the voltage in the secondary winding is applied to the
reactor in an on period of the first switching element.

A sixth aspect of the invention is the multi-output switch-
ing power supply according to the second aspect of the inven-
tion, in which the voltage in the secondary winding is applied
to the reactor in an on period of the second switching element.

According to the present invention, a second output voltage
different from a first output voltage can be easily retrieved by
providing the second rectitying and smoothing circuit having
the first diode, the second diode and the reactor between both
ends of a secondary winding of a current resonant converter
using a secondary-side half-wave rectification method in
which duties of two switching elements are hardly changed
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with respect to a load change or between both ends of a
second secondary winding wound with another winding.

By changing settings for the configuration of the second
rectifying and smoothing circuit, the winding number ratio of
the transformer T1, the exciting inductance Lp and the leak-
age inductance Lr between the primary winding P1 and the
secondary winding S1, not only the first output voltage but
also the second output voltage can be set more finely than a
voltage determined by the winding number ratio. Moreover,
even if a load of the first output is changed, duties of the first
and second switching elements are not changed. Thus, when
the first output voltage is stabilized, the second output voltage
is hardly changed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram showing a configuration of a
conventional multi-output switching power supply.

FIG. 2 is a waveform diagram showing operations of the
conventional multi-output switching power supply.

FIG. 3 is a circuit diagram showing a configuration of
another conventional multi-output switching power supply.

FIG. 4 is a circuit diagram showing a configuration of a
multi-output switching power supply according to Embodi-
ment 1 of the present invention.

FIG. 5 is a waveform diagram showing operations of the
multi-output switching power supply according to Embodi-
ment 1 of the present invention.

FIG. 6 is a circuit diagram showing a configuration of a
multi-output switching power supply according to Embodi-
ment 2 of the present invention.

FIG. 7 is a circuit diagram showing a configuration of a
multi-output switching power supply according to Embodi-
ment 3 of the present invention.

FIG. 8 is a waveform diagram showing operations of the
multi-output switching power supply according to Embodi-
ment 3 of the present invention.

FIG. 9 is a circuit diagram showing a configuration of a
multi-output switching power supply according to Embodi-
ment 4 of the present invention.

FIG. 10 is a circuit diagram showing a configuration of a
multi-output switching power supply according to Embodi-
ment 5 of the present invention.

FIG. 11 is a circuit diagram showing a configuration of a
multi-output switching power supply according to Embodi-
ment 6 of the present invention.

FIG. 12 is a circuit diagram showing a configuration of a
multi-output switching power supply according to Embodi-
ment 7 of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

With reference to the drawings, embodiments of a multi-
output switching power supply of the present invention will
be described in detail below. Note that the same constituent
components as those of the multi-output switching power
supply described in the section of the conventional technol-
ogy or constituent components corresponding thereto are
denoted by the same reference numerals as those used in the
section of the conventional technology.

Embodiment 1

FIG. 4 is a circuit diagram showing a configuration of a
multi-output switching power supply according to Embodi-
ment 1 of the present invention. The configuration of the
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6

multi-output switching power supply shown in FIG. 4 is
different from that of the conventional multi-output switching
power supply shown in FIG. 1 only in a constituent compo-
nent connected to a second secondary winding S2 of a trans-
former T1. Thus, only a configuration of this component
described above will be described.

An anode of a diode D2 is connected to one end of the
second secondary winding S2 of the transformer T1, and an
anode of a diode D3 is connected to the other end of the
second secondary winding S2 of the transformer T1. A cath-
ode of the diode D2 and a cathode of the diode D3 are
connected to one end of a reactor 1.2, and the other end of the
reactor .2 is connected to a second output terminal. A
smoothing capacitor C2 is connected between the other end
of the reactor 1.2 and the other end (a GND terminal) of the
second secondary winding S2 and the anode of the diode D3.

The diode D2 rectifies a voltage generated in the second
secondary winding S2 of the transformer T1. In the reactor
L2, energy is stored by the voltage rectified by the diode D2
in the second secondary winding S2. The diode D3 regener-
ates the energy stored in the reactor [.2 into the capacitor C2,
which is an output. The above elements form a second recti-
fying and smoothing circuit. The second rectifying and
smoothing circuit rectifies a current flowing through the reac-
tor L2 to output the rectified current as a second output volt-
age Vo2 from the second output terminal.

Moreover, a control circuit 10 performs a PWM control so
as to set a first output voltage Vol constant by alternately
turning on and off a first switching element Q1 and a second
switching element Q2 based on a first voltage error signal
from a feedback circuit 5. In this case, as a control signal, such
avoltage as to allow a dead time of about several hundred nS
is applied to each of gates of the first and second switching
elements Q1 and Q2. Thus, the first and second switching
elements Q1 and Q2 are alternately turned on and off without
allowing respective on periods of the first and second switch-
ing elements Q1 and Q2 to overlap with each other.

Next, with reference to a waveform diagram shown in FIG.
5, description will be given of operations of the multi-output
switching power supply thus configured according to
Embodiment 1 of the present invention.

InFIG. 5,V ,, 4, is a voltage between a drain and a source
of the second switching element Q2. 1,, is a current flowing
through a drain of the first switching element Q1. I, is a
current flowing through the drain of the second switching
element Q2. I, is a current flowing through a current reso-
nance capacitor Cri. V_,, is a voltage at both ends of the
current resonance capacitor Cri. I, is a current flowing
through a diode D1. V g, is a voltage at both ends of the second
secondary winding S2. I, is a current flowing through the
diode D2. 1, is a current flowing through the reactor [.2.

As in the case of the conventional multi-output switching
power supply, the first output voltage Vol is controlled by
controlling duties of the first and second switching elements
Q1 and Q2.

The second output voltage Vo2 is outputted in the follow-
ing manner. Specifically, in the on period (for example, time
12 to t4) of the second switching element 2, a voltage
V,=No1xN3/N2 obtained by multiplying the first output
voltage Vol by a winding number ratio is generated in the
second secondary winding S2. This voltage Vg, causes the
current I, and the current I, , to flow through S2,D2,1.2, C2
and S2 in this order. Thus, energy is stored in the reactor [.2,
and, at the same time, the energy is transmitted to the output.
Specifically, the energy is outputted as the second output
voltage Vo2 from the second output terminal.
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Next, in the on period (for example, time t1 to t2) of the first
switching element Q1, the energy stored in the reactor .2
causes the current I, to flow through 1.2, C2, D3 and L2 in
this order. Specifically, the energy stored in the reactor L2 is
outputted as the second output voltage Vo2 from the second
output terminal through the diode D3.

A circuit configuration of the second output voltage Vo2 is
the same as that of a general forward converter. Thus, in the
case where an on-duty of the second switching element Q2 is
Doff, the second output voltage Vo2 is set to Vo2=Volx(N3/
N2)xDoff.

Moreover, the duties of the first and second switching
elements Q1 and Q2 are not changed by a load change in a first
output. Thus, in the case where an input voltage Vin is con-
stant, when the first output voltage Vol is stabilized, the
second output voltage Vo2 can also be stabilized at the same
time. Moreover, the on-duty Don of the first and second
switching elements Q1 and Q2 is determined approximately
by Don=Vol/VinxLt/LpxN1/N2. Thus, by designing of the
winding number ratio of the transformer T1, an exciting
inductance Lp and a leakage inductance Lr between a primary
winding P1 and a secondary winding S1, both of the first
output voltage Vo1 and the second output voltage Vo2 can be
determined.

Moreover, in the general forward converter, an output volt-
age Vo is set to Vo=VinxD in a region where the current in the
reactor [.2 is DC superposed. However, at the time of a light
load, the current in the reactor 1.2 is cut off, and the output
voltage is stabilized by, for example, reducing an on duration
of the first switching element Q1.

On the other hand, in Embodiment 1, the duties of the first
and second switching elements Q1 and Q2 are not changed.
Thus, when a load of the second output voltage Vo2 is
reduced, the output voltage is inevitably increased. When an
inductance of the reactor L.2 is L. and a switching frequency is
f, the output voltage when the current in the reactor [.2 is cut
off is set to (Vin®xDoff*)/2Lf. Thus, a controllable output
current range can be increased by increasing the inductance L
of the reactor L.2.

Moreover, the output voltage can be stabilized in the entire
load region by adding a dummy resistance for consumption of
the output power described above or by inserting an output
uppercut dropper. In a normal dropper, (VinxVo)xIo is gen-
erated as a loss. Thus, the more the load current Io is
increased, the more the loss is increased. In Embodiment 1,
however, at the time of a heavy load, the dropper is set in a
saturated state, and the loss is small. At the time of the light
load, a loss of up to (Vin?xDoff*)/2Lf in a no-load state is
generated. Thus, the loss can be reduced by increasing the
inductance of the reactor L.2.

As described above, by use of the multi-output switching
power supply according to Embodiment 1, the stable second
output voltage Vo2 can be retrieved without newly adding a
control circuit, by providing a step-down converter having the
diode D2, the diode D3 and the reactor 1.2 between both ends
of the second secondary winding S2 of a current resonant
converter using a secondary-side half-wave rectification
method in which the duties of the first and second switching
elements Q1 and Q2 are hardly changed with respect to the
load change such as the light load and the heavy load.

Embodiment 2

FIG. 6 is a circuit diagram showing a configuration of a
multi-output switching power supply according to Embodi-
ment 2 of the present invention. The configuration of Embodi-
ment 2 shown in FIG. 6 is different from that of Embodiment
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1 shown in FIG. 4 in having a transformer T2 having a pri-
mary winding P1 and a secondary winding S1 and in the
following point. Specifically, an anode of a diode D2 is con-
nected to a connection point between the secondary winding
S1 and an anode of a diode D1. Moreover, a GND terminal of
a second output voltage Vo2 and an anode of a diode D3 are
commonly connected to a GND terminal of a first output
voltage Vol.

By use of the multi-output switching power supply thus
configured according to Embodiment 2, in an on period of a
second switching element Q2, a voltage Vg, =Vol+Vf(Vfisa
forward voltage drop of the diode D1) is generated in the
secondary winding S1. This voltage V¢, causes a current [,
and a current I, to flow through S1, D2, 1.2, C2 and S1 in this
order. Thus, energy is stored in a reactor .2, and, at the same
time, the energy is transmitted to an output. Specifically, the
energy is outputted as the second output voltage Vo2 from a
second output terminal.

Next, in an on period of a first switching element Q1, the
energy stored in the reactor L2 causes a current I, to flow
through 1.2, C2, D3 and L2 in this order. Specifically, the
energy stored in the reactor [.2 is outputted as the second
output voltage Vo2 from the second output terminal through
the diode D3. In this case, assuming that forward voltage
drops of the diodes D1 and D2 are approximately the same,
the second output voltage can be designed to be Vo2=Volx
Doff.

Embodiment 3

FIG. 7 is a circuit diagram showing a configuration of a
multi-output switching power supply according to Embodi-
ment 3 of the present invention. The configuration of Embodi-
ment 3 shown in FIG. 7 is different from that of Embodiment
1 shown in FIG. 4 in that a polarity of a second secondary
winding S2 of a transformer T1 is inverted.

Next, with reference to a waveform diagram shown in FIG.
8, description will be given of operations of the multi-output
switching power supply thus configured according to
Embodiment 3 of the present invention.

Inan onperiod ofa second switching element Q2, a voltage
of Vn2oft=Vo1+VT is generated in a secondary winding S1
only for a period of toff=Doff/f. Since voltage time products
of positive and negative voltages generated in the secondary
winding S1 of the transformer T1 are equal, a voltage of
Vn2on=Vn2offxtoff/ton is generated in the secondary wind-
ing S1 in an on period ton of a first switching element Q1.

In the on period (for example, time t1 to t2) of the first
switching element Q1, a voltage V,=Vn2onxN3/N2 is gen-
erated in the second secondary winding S2. This voltage V,
causes a current I, and a current [, to flow through S2, D2,
L2, C2 and S2 in this order. Thus, energy is stored in a reactor
L2, and, at the same time, the energy is transmitted to an
output. Specifically, the energy is outputted as a second out-
put voltage Vo2 from a second output terminal.

Next, in the on period (for example, time t2 to t4) of the
second switching element Q2, the energy stored in the reactor
L2 causes a current I; , to flow through 1.2, C2, D3 and L2 in
this order. Specifically, the energy stored in the reactor L2 is
outputted as the second output voltage Vo2 from the second
output terminal through a diode D3.
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In this case, assuming that forward voltage drops of diodes
D1 and D2 are approximately the same, the second output
voltage can be designed to be Vo2=Vn2onxN3/N2x
Don=Vo1xN3/N2xDoff.

Embodiment 4

FIG. 9 is a circuit diagram showing a configuration of a
multi-output switching power supply according to Embodi-
ment 4 of the present invention. The configuration of Embodi-
ment 4 shown in FIG. 9 is different from that of Embodiment
1 shown in FIG. 4 in having a transformer T2 having a pri-
mary winding P1 and a secondary winding S1 and in the
following point. Specifically, one end of the secondary wind-
ing S1 of the transformer T2 is connected to a cathode of a
diode D4, and an anode of the diode D4 is connected to one
end of a capacitor C1 and a GND terminal of a first output
terminal.

An anode of a diode D2 is connected to a connection point
between the one end of the secondary winding S1 and the
diode D4. An anode of a diode D5 is connected to a GND
terminal of a second output voltage Vo2, and a cathode of the
diode D5 is connected to a connection point between the other
end of the secondary winding S1 and an anode of a diode D1.

By use of the multi-output switching power supply thus
configured according to Embodiment 4, in an on period of a
first switching element Q1, a voltage of Vn2on=(Vo+2V1f)x
toff/ton is generated in the secondary winding S1. This volt-
age causes a current [, and a current I, to flow through S1,
D2,1.2, C2, D5 and S1 in this order. Thus, energy is stored in
a reactor L2, and, at the same time, the energy is transmitted
to an output. Specifically, the energy is outputted as the sec-
ond output voltage Vo2 from a second output terminal.

Next, in an on period of a first switching element Q1, the
energy stored in the reactor 1.2 causes a current I, to flow
through 1.2, C2, D3 and L2 in this order. Specifically, the
energy stored in the reactor [.2 is outputted as the second
output voltage Vo2 from the second output terminal through
the diode D3. In this case, assuming that forward voltage
drops of the diodes D1 to D4 are approximately the same, the
second output voltage can be designed to be Vo2=VolxDoff.

Embodiment 5

FIG. 10 is a circuit diagram showing a configuration of a
multi-output switching power supply according to Embodi-
ment 5 of the present invention. The configuration of Embodi-
ment 5 shown in FIG. 10is different from that of Embodiment
1 shown in FIG. 4 in having a transformer T2 having a pri-
mary winding P1 and a secondary winding S1 and in the
following point.

Specifically, an anode of a diode D2 is connected to a
connection point between one end of the secondary winding
S1 of the transformer T2 and an anode of a diode D1. Between
a cathode of the diode D2 and a GND terminal, a reactor 1.2
is connected. Moreover, a cathode of a diode D3 is connected
to a connection point between the reactor [.2 and the cathode
of the diode D2. Between an anode of the diode D3 and a
GND terminal, one end of a capacitor C2 is connected. From
both ends of the capacitor C2, a second output voltage Vo2 is
outputted.

By use of the multi-output switching power supply thus
configured according to Embodiment 5, in an on period of a
second switching element Q2, a voltage of Vn2off=Vo+V{tis
generated in the secondary winding S1 of the transformer T2.
This voltage causes a current I,,, and a current I, to flow
through S1, D2, 1.2 and S1 in this order. Thus, energy is stored
in the reactor L2.
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Next, in an on period of a first switching element Q1, the
voltage applied to the reactor [.2 is inverted, and the energy
stored in the reactor 1.2 causes a current [, to flow through
L2, C2, D3 and L2 in this order. Specifically, the energy
stored in the reactor L2 is outputted as the second output
voltage Vo2 from a second output terminal through the diode
D3.

A circuit configuration of the second output voltage Vo2 is
the same as that of an inverting converter. Thus, in the case
where, the on period of the first switching element Q1 is ton
and the on period of the second switching element Q2 is toff,
the second output voltage Vo2 can be designed to be nearly
equal to —Volxtoff/ton in a region where the current in the
reactor [.2 is DC superposed.

Embodiment 6

FIG. 11 is a circuit diagram showing a configuration of a
multi-output switching power supply according to Embodi-
ment 6 of the present invention. The configuration of Embodi-
ment 6 shown in FIG. 11 is different from that of Embodiment
5 shown in FIG. 10 in having a transformer T1 including a
second secondary winding S2 in addition to a primary wind-
ing P1 and a first secondary winding S1, and in the following
point. Specifically, a series circuit including a diode D2 and a
reactor .2, which has been connected to both ends of the first
secondary winding S1, is connected to both ends of the sec-
ond secondary winding S2.

By use of the multi-output switching power supply thus
configured according to Embodiment 6, in an on period of a
second switching element Q2, a voltage of (Vol+V1)/(N3/
N2) is generated in the second secondary winding S2 of the
transformer T1. This voltage causes a current [, and a cur-
rent [, to flow through S2, D2, [.2 and S2 in this order. Thus,
energy is stored in the reactor [.2.

Next, in an on period of a first switching element Q1, the
voltage applied to the reactor [.2 is inverted, and the energy
stored in the reactor 1.2 causes a current [, to flow through
L2, C2, D3 and L2 in this order. Specifically, the energy
stored in the reactor [.2 is outputted as a second output voltage
Vo2 from a second output terminal through a diode D3.

A circuit configuration of the second output voltage Vo2 is
the same as that of an inverting converter. Thus, in the case
where, the on period of the first switching element Q1 is ton
and the on period of the second switching element Q2 is toff,
the second output voltage Vo2 can be designed to be nearly
equal to —Vo1xN3/N2xtoff/ton in a region where the current
in the reactor L2 is DC superposed.

Embodiment 7

FIG. 12 is a circuit diagram showing a configuration of a
multi-output switching power supply according to Embodi-
ment 7 of the present invention. The multi-output switching
power supplies of Embodiments 5 and 6 shown in FIGS. 10
and 11, respectively, can retrieve only a negative second out-
put voltage Vo2. Meanwhile, the multi-output switching
power supply of Embodiment 7 shown in FIG. 12 can retrieve
a positive second output voltage Vo2.

Thus, the configuration of Embodiment 7 shown in FIG. 12
is different from that of Embodiment 6 shown in FIG. 11 in
that polarities of a second secondary winding S2 and diodes
D2 and D3 are inverted, respectively.

By use of the multi-output switching power supply thus
configured according to Embodiment 7, in an on period of a
second switching element Q2, a voltage is generated in the
second secondary winding S2 of the transformer T1. This
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voltage causes a current I, and a current I, , to flow through
S2,1.2, D2 and S2 in this order. Thus, energy is stored in the
reactor L.2.

Next, in an on period of a first switching element Q1, the
voltage applied to the reactor .2 is inverted, and the energy
stored in the reactor [.2 causes a current I, to flow through
L2, D3, C2 and L2 in this order. Specifically, the energy
stored in the reactor [.2 is outputted as the positive second
output voltage Vo2 from a second output terminal through the
diode D3.

The multi-output switching power supply according to the
present invention can be utilized as a power supply which
outputs a plurality of DC voltages having different voltage
values.

What is claimed is:
1. A multi-output switching power supply comprising:

a first switching element and a second switching element
which are connected in series between output terminals
of'a DC power supply;

a series resonant circuit which is connected in parallel with
one of the first and second switching elements, and
includes a current resonance capacitor, a resonant reac-
tor and a primary winding of a transformer, which are
connected in series;

a first rectifying and smoothing circuit which rectifies and
smoothes a voltage generated in a secondary winding of
the transformer, and thus outputs a first output;

a second rectifying and smoothing circuit which has a first
diode for rectifying the voltage generated in the second-
ary winding of the transformer, one end of'the first diode
is connected to one end of the secondary winding of the
transformer, a reactor having energy stored therein by
the voltage rectified by the first diode in the secondary
winding, one end of the reactor is connected to other end
of'the first diode, other end of the reactor is connected to
other end of the secondary winding of the transformer
and one end of a first output terminal, and a second diode
for regenerating the energy stored in the reactor into an
output, one end of the second diode is connected to the
other end of'the first diode and the one end of the reactor,
other end of the second diode is connected to other end
of'the first output terminal, and which rectifies a current
flowing through the reactor and outputs a second output
to the one end and the other end of the first output
terminal; and

a control circuit which alternately turns on and off the first
and second switching elements based on the first output
obtained by the first rectifying and smoothing circuit.
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2. The multi-output switching power supply according to
claim 1, wherein the voltage in the secondary winding is
applied to the reactor in an on period of the first switching
element.

3. The multi-output switching power supply according to
claim 1, wherein the voltage in the secondary winding is
applied to the reactor in an on period of the second switching
element.

4. A multi-output switching power supply comprising:

a first switching element and a second switching element
which are connected in series between output terminals
of a DC power supply;

a series resonant circuit which is connected in parallel with
one of the first and second switching elements, and
includes a current resonance capacitor, a resonant reac-
tor and a primary winding of a transformer, which are
connected in series;

a first rectifying and smoothing circuit which rectifies and
smoothes a voltage generated in a first secondary wind-
ing of the transformer, and thus outputs a first output;

a second rectifying and smoothing circuit which has a first
diode for rectifying a voltage generated in a second
secondary winding of the transformer, one end of the
first diode is connected to one end of the second second-
ary winding of the transformer, a reactor having energy
stored therein by the voltage rectified by the first diode in
the second secondary winding, one end of the reactor is
connected to other end of the first diode, other end of the
reactor is connected to other end of the second second-
ary winding of the transformer and one end of a first
output terminal, and a second diode for regenerating the
energy stored in the reactor into an output, one end ofthe
second diode is connected to the other end of the first
diode and the one end of the reactor, other end of the
second diode is connected to other end of the first output
terminal, and which rectifies a current flowing through
the reactor and outputs a second output to the one end
and the other end of the first output terminal; and

a control circuit which alternately turns on and off the first
and second switching elements based on the first output
obtained by the first rectifying and smoothing circuit.

5. The multi-output switching power supply according to
claim 4,

wherein the voltage in the second secondary winding is
applied to the reactor in an on period of the first switch-
ing element.

6. The multi-output switching power supply according to
claim 4, wherein the voltage in the second secondary winding
is applied to the reactor in an on period of the second switch-
ing element.



